In this work, the energy costs of drying corn, rice and wheat seeds between 3 drying options were compared. They consisted of 1) two-stage drying by using fluidised bed dryer (FBD) in the 1 st stage and in-store dryer (ISD) in the 2 nd stage, 2) single-stage drying by fixed bed dryer (FXD) and 3) two-stage drying by using FXD in the 1 st stage and ISD in the 2 nd stage. The drying conditions selected for comparison were proved to be safe for seed viability by the previous studies. The results showed that the drying options 2 and 3 consumed less energy than option 1. However, the benefits from lower energy cost must be weighed against some advantages of using FBD. Furthermore, it appeared that running the burners of FXD and ISD for warming up the ambient air during humid weather condition could shorten drying time significantly with a little higher energy cost.
Generally, after harvesting the seeds must be dried in order to extend their storage life. When the seed is dried, normal metabolic changes, subcellular repair and turnover mechanisms become inactive. [1] However when seeds are hydrated these mechanisms would be reactivated, but their efficiency depends on the damage accumulated.
Until now, there have been various drying methods to dry seeds. Leaving seeds to be dried in the field is a traditional and economical method for farmers; nevertheless, mechanical drying provides some significant advantages over in-field drying. For example, it enables the option of an earlier harvest, with probable benefits in yield and quality and reduces threat of weather damage. Due to their advantages, a number of artificial drying methods have been studied for drying seeds by the researchers. [2] [3] [4] Generally, different drying techniques could result in the difference in the quality of dried seeds. Inappropriate drying condition can cause seed injury and vast economic loss. Moreover, different kinds of seeds seem to have dissimilar optimum drying conditions. [2] [3] [4] The main factors, affecting the response of seed grain to hot air drying were previous history, species or variety, moisture content, exposure time and drier design. [2] It was indicated that improper artificial drying could lower the seed germination, give rise to abnormal seedlings, affect on the permeability of the seedcoat, demolish enzymes, or harden the outer layers of seeds; so after the embryo imbibes water and swells, fractures and cracks develop. [3] So far, the drying methods used in the seed drying researches could be divided into two main schemes consisting of single-stage and multi-stage drying. Due to the increasing concern about the energy conservation and the jumping energy cost, in this study the energy costs of drying were estimated and compared for corn, rice and wheat seeds between three drying options (one for single-stage drying and two for two-stage drying). The objective is to provide the information that the seed producers can apply for their economic decisions.
[2] MATERIALS AND METHODS
In this study, the energy costs of 3 seed drying options were estimated and compared. These options comprise with Option1) Two-stage drying with the 1 st stage drying in FBD to dry seed from 25%wb to 18%wb and then the 2 nd stage drying in ISD to dry seed from 18%wb to 14%wb.
Option2) Single-stage drying in FXD to dry seed from 25%wb to 14%wb.
Option3) Two-stage drying with the 1 st stage drying in FXD to dry seed from 25%wb to 18%wb and then the 2 nd stage drying in ISD to dry seed from 18%wb to 14%wb.
The drying air conditions that were used for energy cost estimation for the FBD are presented in Table 1 . They were proved to be safe for seed viability. [4] Unlike FBD, the FXD and ISD used the ambient air (temperature ≤ 43°C) with the low to medium air velocity for drying seeds because these drying methods were recommended by a number of researchers. [5] [6] The drying times and the sizes of ISD and fixed bed dryer were estimated by using the existing drying simulation program (named "ISDryer") that had been developed by Driscoll and Srzednicki at the Department of Food Science and Technology, UNSW. The latest edition of this simulation program is version 6.01 edited in June 2006. In the program, there is a number of weather data that are used as an input for the simulation process. In this study, the drying simulation program was run using two weather files representing the wettest and the driest months of the existing weather records as detailed in Table 2 .
A number of assumptions were made for this cost analysis as following details. Heat energy source of all dryers was rice husk. 6. Approximate net heating value of rice husk = 11,704 KJ/kg. [7] 7. Cost of rice husk = 0.25 Baht per kg. 8. Electricity cost = 3 Baht per unit. 9. Drying capacity and energy consumption of the ISD and the FXD were estimated by the ISD simulation program ("ISDryer" version 6.01). 10. Drying strategies in FXD and ISD were as follows:
10.1) In case of using burner, fan would be stopped if RH ambient >95%, burner would be turned on if RH>75% and temperature rise across burner = 5C. 10.2) In case of not using burner, fan would be stopped if RH ambient >70%. 11. The size and model of FBD was the same as in Soponronnarit's work. [8] 12. Ambient conditions used in the calculation for FBD were the average ambient conditions of the months used for drying simulation. 13. No recycled air in FBD. 14. Heat energy consumption of FBD was estimated by applying the experimental data in the Jittanit's study. [4] 15. Electrical energy consumption of FBD was estimated by applying the technical data of 5 tonnes/hour FBD in the brochure of Rice Engineering Supply Company Limited in Bangkok, Thailand. The 5 tonnes/hour FBD in this brochure should be the same or similar to the FBD in Soponronnarit's work. [8] [
2] RESULTS AND DISCUSSION
From the estimation, the sizes of FXD and ISD that were compatible with the drying capacity of FBD are summarised in Table 3 . The calculation procedures can be seen in Jittanit's research.
Due to the information provided by some studies, the market price of seeds is much more expensive than that of food grain for each crop. [9] [10] [11] So, although option 1 resulted in higher energy cost, it is worthwhile paying a higher energy cost if it can reduce the risk of downgrading the grains from seed to food grade. Generally, the advantages of FBD are uniformity of product caused by the good mixing and flexibility in terms of the minimum required amount of product. Besides, the FBD could be designed to be mobile type and due to its high drying rate, the FBD could be used directly in the field to dry seeds immediately after harvest and to maintain the quality of seeds under severe weather conditions. Therefore, the lower energy cost of option 2 and 3 must be weighed with the higher quality of the seeds in term of uniformity and lower risks of mould growth and chemical reactions due to fast drying in the 1 st stage provided by option 1. Another issue is that the large amount of dried product required the storage silo. Two-stage drying system using an ISD as the 2 nd stage dryer might be attractive because ISD could be used as a storage silo. In contrast, a single-stage drying system using a FXD would require an additional investment for storage silo.
CONCLUSIONS
The energy cost analysis showed that single-stage drying in a FXD and two-stage drying by FXD and ISD using ambient air together with burner consumed less energy than two-stage drying using FBD and ISD. Nevertheless, the benefits from lower energy cost must be weighed against faster drying rates, flexibility, possibility of a portable design, and product uniformity offered by the FBD.
Eventually, the recommendation is that in the future, the research should be expanded to other kinds of seeds especially higher value crops such as soybean and peanut because the twostage drying system might be more attractive for drying these kinds of seeds.
